
Bryophyte special issue

Eldridge DJ, Semple WSand Koen TB (2000)
Dynamics of cryptogamic soil crusts in a derived
grassland in south-eastern Australia. Austral Ecology
25, 232-240.

Gullan PJ and Cranston PS (2000) The Insect : an
Outline of Entomology, 2 ed (Blackwell Science:
Oxford)

Hodgins IW and Rogers RW(1997) Correlations of
stocking with the cryptogamic soil crust of a semi-
arid rangeland in southwest Queensland. Australian
Journal of Ecology 22, 425-43 1

.

Land Conservation Council (198.5) Report on the

Wimmera Area. (Land Conservation Council
Victoria: Melbourne)

McCarthy P (2003) Catalogue of Australian Liverworts
and llornworts. (Australian Biological Resources
Study: Canberra)

Moore PD (1998) Life in the upper crust. Nature 393,
419-420.

National Parks Service (1996) Little Desert National
Park management plan. (Department of Natural
Resources and Environment: Last Melbourne)

Rosentreler R and Eldridge DJ (2002) Monitoring bio-

diversity and ecosystem function: grasslands, deserts,

and steppe. In Monitoring with Lichens- Monitoring

Lichens
, pp 223-237. Eds PL Nimis, C. Scheidegger

and PA Wolseley. (Kluwer Academic Publishers:
Netherlands)

Scott GAM(1982) Desert bryophytes. In Bryophyte
Ecology, pp 1 05- 1 22. Ed AJE Smith. (Chapman and
Hall: London)

Streimann II and fClazenga N (2002) Catalogue of
Australian Mosses. (Australian Biological Resources
Study: Canberra)

Thompson WAand Eldridge DJ (2005) White Cypress
Pine (Call it r is glintcophylla ): a review of its roles in

landscape and ecological processes in eastern
Australia. Australian Journal of Botany 53, 555-570.

Whilford. WG(1996) The importance of the biodiver-

sity of soil biota in arid ecosystems, Biodiversity and
Conservation 4, 185-195.

Willis, JH (1970) The Vegetation of Halt ah Lakes
National Park. National Parks Authority, Victoria.

Zander RI1 (1993) Genera of the Pottiaceae: mosses of
harsh environments. Bulletin of the Buffalo Society of
Natural Science 32, 1-378.

Received 1 1 May 2006; accepted 13 July 2006

A pictorial representation of peristomal architecture
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Abstract
The terminology associated with the use of peristomes in the identification and classification of
mosses is cumbersome and difficult to understand. This paper provides a pictorial explanation of
peristomal architecture with its associated terminology, such as nematodontous and arthrodontous
peristomes, and the division of the latter into diplolepideous and haplolepideous peristomes. (The
Victorian Naturalist 123 (4), 2006, 203-21

1

)

The moss plant normally seen and recog-

nised is referred to as a gametophyte as it

produces the gametes, i.e. egg and sperm.

When the sperm fertilizes the egg a sporo-

phyte develops. The sporophyte is ephemer-
al and essentially remains dependent on its

gametophyte parent (Fig. 1), i.e. nutrients

are obtained from the gametophyte parent

through the basal foot of a stalk-like struc-

ture (the seta) that remains embedded with-

in the parental gametophyte tissue. A spore

capsule terminates this seta (Fig. 1 ).

Many mosses have one or more rings of
teeth around the mouth of the capsule (Fig.

2). The teeth collectively are referred to as

the peristome (Fig. 1) and are protected by
an operculum or lid (Fig. I), which falls

off when the spores are mature. However,
not all mosses have peristomes.

The outer ring of teeth (exostome) in

double peristomes (Fig. 2) may exhibit

hygroscopic movement in response to

changes in humidity by bending backwards
and forwards (Proctor 1984). The move-
ment provides a gentle catapulting action

for launching spores a short distance into

the air, where they may be caught by a

gentle breeze and dispersed to an environ-

ment suitable for germination. Subsequent
to germination, spores will develop into

another gametophyte generation.
Hygroscopic movement of the exostome
may be particularly relevant in closed for-

est situations where opportunities for air-

transport of spores needs to be maximized.
The inner ring of teeth (endostome) (Fig.

2) may regulate spore dispersal by gradual-

ly sifting the spores.

As spore dispersal mechanisms in moss-
es, peristomes are specialised, intricate and
architecturally elaborate. Adaptive trends

of morphological characters have resulted
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Fig. 1 . Colony of Tortilla antarctiea (Hampe) Wilson. Leafy gametophyte (g) with dependent

sporophyte (sp) bearing a mature capsule (c) terminating a seta (se). A peristome (p) of long teeth

occurs at the mouth of the capsule. This peristome initially is covered by an operculum (o) which is

shed when spores become mature. Scale bar is 3.5 mm.

Fia. 2.. Capsule (c) of Hypnum cupressiforme Hedw. with peristome (p) showing an outer row ot teeth,

the exostome (ex), and an inner row of teeth, the endostome (en). Spores (sp). Scale bai is 200 pm.
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Fig. 3.. Nematodontous teeth (nt) of Atrichum androgymim (Mull. Hal.) A. Jaeger. Teeth are made
up of layers (1) of whole cells. Tips of teeth attach to the disc-like epiphragm (e). Slight air move-
ment causes release of spores between the teeth. Capsule (c). Spores (sp). Scale bar is K)0 pm.

in different peristomal configurations that

have been used as important tools in higher

level classification of mosses for over 150
years (Vitt 1999). Three peristomal charac-

ters are vital to classification. These are

cell structure of the teeth, the arrangement
of the outer teeth relative to the inner teeth

(where present), i.e. whether the outer

teeth are alternate or opposite the inner

teeth, and the initial cell alignment
(Goffinet et al. 1 999).

In the first instance, peristomes are divided

into two types, nematodontous and
arthrodontous peristomes. In terms of peris-

tomal architecture, this division is as impor-

tant as the division between monocotyledons
and dicotyledons in flowering plants,

although the distinction is at a lower classifi-

catory level for the mosses than for the flow-

ering plants.

Nematodontous peristomes have teeth

composed of whole, dead and ‘mostly
elongate cells in one or more layers’

(Crum 2001) with walls thickened uni-

formly (Shaw et al. 1989). However,
arrangement of the cells can vary from
species to species. Figure 3 details layers

of whole cells which occur in nematodon-
tous teeth. In the species depicted,
Atrichum anclrogynum (Mull. Hal.) A.
Jaeger, the tips of the teeth are attached to

a disc-like epiphragm that releases spores

with the help of a little air movement. In

essence, spores are released via a pepper
shaker effect. Dawsonia superha Grev.
var. pulchra (Fig. 4) shows another
method of spore dispersal where the

nematodontous teeth take the form of mul-
ticellular filaments forming a twirled
'brush’. When the spores mature, the
'brush’ untwists, allowing gradual release

of the spores.

Arthrodontous peristomes have teeth

composed of thickened cell wall remnants
of squat cells occurring in two or three cell

layers (Crum 2001) involving the outer,

primary and inner peristome layers, i.e.

OPL, PPL, and IPL respectively. This
means that during development of the

teeth, cell wall plates located parallel to the

capsule rim (periclinal), become differen-

tially thickened, while much of the cross-

wall and radially vertical cell wall material

perpendicular to the capsule rim (anticli-

nal) becomes reabsorbed (Buck and
Goffinet 2000). Ninety percent of true

mosses are classified as arthrodontous
(Crum 200

1
).

Arthrodontous peristomes are further
divided into diplolepideous and haplolepi-

deous peristomes. Diplolepideous peris-

tomes usually have a double layer of teeth,
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Fig. 4. The brush-like nematodontous teeth (nt) of Dawsonici superba Grev. var. pulchrq Zanten

facilitates spore release as it untwists. Capsule (c). Spores (sp). Scale bar is 50 pm.

the exostome forming the outer teeth and

the endostome forming the inner teeth. It is

the outer row that is of vital importance to

classification, principally because the inner

row of teeth may be reduced to nothing

more than a fragile collar-like basal mem-
brane (Fig. 5). However, more typically the

endostome consists of this basal membrane

with 16 teeth (also referred to as segments)

which arc keeled, perforated and alternate

with cilia (in groups of one to four) in

many species (Fig. 6) (Magombo 2003).

The exostome generally consists of 16

teeth (Shaw and Renzaglia 2004), which

Fio. 5.. Diplolepideous peristome of Glypothecium sciuroides (Hook.) Hampe. showing 16 outer

teeth constitutina the exostome (ex). The exostome is vitally important to classification as the inner

teeth or endostome (en) may be reduced to a collar-like basal membrane, as depicted in this figure.

Capsule (c). Spores (sp). Scale bar is 50 pm.
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Fig. 6.. Elaborate diplolepideous peristome of Ptychomnion aciculare (Brid.) Mitt, showing exo-
stome (ex) oi 16 teeth, and endostome (en) of basal membrane with 16 keeled teeth (also known as
segments). Perforations occur along the upper section of each keel (k) and two cilia (ci) alternate
with each segment. An endostome showing a basal membrane with teeth is more typical of a
diplolepideous peristome than the reduction ot the endostome to just a collar-like basal membrane.
Spores (sp). Scale bar is 100 pm.

Fig. 7.. Diplolepideous exostome tooth of Hypnodendron vitiense Mitt, showing the outer face con-
sisting of two columns of periclinal (parallel' to the capsule rim) cell wall plates (pe) of former cells.
The trabeculae (tr) derived from cross-walls on the outer face of each exostome tooth and the zig-zag
median line (ml) reflect the two columns of cells that form each tooth, i.e. the trabeculae and medi-
an line represent anticlinal (perpendicular to the capsule rim) cell wall remnants and border the peri-
clinal cell wall material. The term ‘diplolepideous’ refers to this twin column formation. Snores (so)
Scale bar is 20 pm.
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outer tooth

inner tooth

thickened cell wall remnants
of two cells from OPL

thickened cell wall remnant
of one cell from PPL

Fig. 8.. Diagram of a diplolepideous peristome (after Buck and Goffinet 2000) showing exostome
(outer teeth) and endostome (inner teeth) opposite each other. Much of the anticlinal cell wall
material perpendicular to the capsule (A) becomes reabsorbed. Periclinal walls (PE). Outer peris-

tomal layer (OPL). Primary peristomal layer (PPL). Inner peristomal layer (I PL).

OPL

IPL

outer

tooth
inner

tooth

thickened cell wall

remnants of two

cells from OPL

thickened cell wall

remnant of
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Fig. 9.. Diagram of a diplolepideous peristome (after Buck and GoHinet 2000) showing alternate

exostome (outer teeth) and endostome (inner teeth). Much of the anticlinal cell wall material (A)

perpendicular to the capsule becomes reabsorbed. Periclinal walls (PE). Outer peristomal layer

(OPL). Primary peristomal layer (PPL). Inner peristomal layer (IPL).

have an outer face of two columns and an

inner face of a single column (OPL +

PPL), each column consisting of a stack of

periclinal cell wall plates of former cells.

The horizontal lines (trabeculae) derived

from cross-walls (Fig. 7) on the outer face

of each exostome tooth, and the zig-zag

median line, reflect the structure of the two

columns of cells occurring side by side

(Edwards 1984; Shaw et a/. 1989). The
term diplolepideous refers to this twin col-

umn formula (Fig. 7).

Diplolepideous peristomes may be config-

ured with an ‘opposite’ peristome cell pat-

tern (Fig. 8) or an ‘alternate* peristome cell

pattern (Fig. 9), i.e. with the exostome and

endostome teeth opposite or alternate to

each other respectively. Figure 1 0 shows the

exostome teeth opposite endostome teeth

while Fig. 11 shows Hypnum cupressifonne

Hedw., with exostome teeth alternating with

endostome teeth. From an evolutionary point

of view, the ‘opposite’ arrangement of the

endostome and exostome is considered more
primitive (Vitt 19.84).

Haplolepideous peristomes have teeth

with an outer face of one column consist-

ing of wall remnants of a stack of cells and

an inner face of two columns (PPL -f IPL)

consisting of wall remnants of two stacks

of cells. Haplolepideous peristomes usual-

ly consist of a single layer of 16 teeth

(Shaw and Renzaglia 2004). The term hap-

lolepideous refers to the outer face consist-

ing of wall remnants of the single stack of

cells. The horizontal lines (trabeculae)

(Fig. 12) correspond to the top and bottom

plates. Figure 13 represents the haplolepi-

deous configuration. It is thought that the

haplolepideous peristome (Fig. 14) is
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Fig. 10.. F unaria-type diplolepideous peristome showing ‘opposite’ tooth arrangement. Exostome of
outer teeth (ex). Endostome ol inner teeth (en). Zig-zag median line (ml). In evolutionary terms, the
‘opposite’ arrangement of outer and inner teeth is considered more primitive than the alternate tooth
arrangement shown in Fig. 1 1. Seale bar is 40 pm.

Fig. II.. Diplolepideous peristome of Hypnum cupressiforme Hedw., showing ‘alternate’ tooth
arrangement. Exostome of outer teeth (ex). Endostome of inner teeth (en) with basal membrane and
keeled, perforated teeth (segments). Cilia alternate with segments, but arc obscured by spore mass.
Exostome teeth are trabeculate (tr) on both the outer face and inner face but the inner face is deeply
trabeculate. Capsule (c). Spores (sp). Scale bar is 100 pm.

Vol. 123 (4) 2006 209



Bryophyte special issue

Fig. 12.. Ouier face of haplolepideous teeth of Dicranoloma menziesii (Taylor) Renauld showing
trabeculae (t) reflecting the wall material of a single column or stack of cells that forms each tooth,
contrasting with the two columns of diplolepideous teeth shown in Fig. 7. The trabeculae correspond
to the top and bottom cell wall plates which arc anticlinal, i.e. perpendicular to the capsule rim. The
material seen between the trabeculae is the periclinal cell wall remnants, i.e. cell wall remnants par-
allel to the capsule rim. Scale bar is 10 pm.

tooth

thickened cell wall remnant of

one cell from PPL

thickened cell wall remnants of

two cells from I PL

Fig. 13.. Diagram of haplolepideous peristome (after Buck and Goffinet 2000). Much of the anticli-

nal wall material (A) perpendicular to the capsule becomes reabsorbed. Periclinal walls (PE). Outer
peristomal layer (OPL). Primary peristomal layer (PPL). Inner peristomal layer (1PL).

derived from the diplolepideous peristome

with opposite endostome and exostome,
and is homologous with endostomal seg-

ments (Buck and Goffinet 2000; Magombo
2003; Newton and Cox 2000; Shaw and
Renzaglia 2004; Vitt 1081).

Peristomal terminology does not end
here, but the above detail provides readers

with an introduction to this cumbersome
language belonging to the intricate, elabo-

rate and beautiful world of peristomal

architecture, moss identification and classi-

fication. Study of these ancient plants and

their reproductive innovations is crucial to

understanding the evolution of land plants

(Shaw and Renzaglia 2004).
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Fig. 14.. Tortilla recurvata Hook, showing haplolepideous peristome (p) consisting of basal mem-
brane and 32 tubular teeth. Capsule (c). The haplolepideous peristome is believed to be derived from
the diplolepideous peristome with opposite exostome and endostome as depicted in Fig. 10, and that

it is homologous with endostomal segments. Scale bar is 40 pm.
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